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WHPSHUDWXUHXQGHUDQDSSOLHGYHUWLFDOPDJQHWLF ILHOGRI VHYHUDO7HVOD$PRQRFKURPDWLFEHDPRISRODUL]HG
QHXWURQV ZLWK SRODUL]DWLRQ GLUHFWLRQ SDUDOOHO RU DQWLSDUDOOHO WR WKH DSSOLHG ILHOG  RU ± LPSLQJHV RQ WKH
FU\VWDOZKLFKKDVEHHQVHWDW%UDJJSRVLWLRQ$VLQJOHGHWHFWRUWKDWLVQRUPDOO\FDUULHGRXWE\DOLIWLQJDUP
JRHVWRWKHH[SHFWHGSRVLWLRQRIWKHGLIIUDFWHGEHDPFRUUHVSRQGLQJWRDUHIOHFWLRQRIVFDWWHULQJYHFWRUTDQG
WKHLQWHQVLWLHV,DQG,±FRUUHVSRQGLQJWRWKHWZRVWDWHVRIWKHLQFLGHQWSRODUL]DWLRQDUHPHDVXUHG7KHUDWLRRI
WKHPHDVXUHGLQWHQVLWLHV5 ,,±WKHVRFDOOHGIOLSSLQJUDWLRLVXVHGWRGHGXFHWKHPDJQHWLFVWUXFWXUHIDFWRU
0TSURYLGLQJWKHQXFOHDUVWUXFWXUHIDFWRU1TLVNQRZQ2QFHDODUJHQXPEHURIPDJQHWLFVWUXFWXUHIDFWRUV0T
LV IRXQG WKH UHFRQVWUXFWLRQ RI WKH VSLQ GHQVLW\ LQ WKH XQLW FHOO LV SHUIRUPHG XVLQJ WKH )RXULHU V\QWKHVLV
0D[LPXP(QWURS\0HWKRGV 0(0PXOWLSROH RU ZDYH IXQFWLRQ UHILQHPHQWV 7KHPDMRU OLPLWDWLRQ RI WKH
31' LQVWUXPHQWV LV WKH GDWD DFTXLVLWLRQ WLPH2Q WKH ILUVW JHQHUDWLRQ31' LQVWUXPHQWV OLNH' &'
VHYHUDOGD\VRIEHDPWLPHDUHQHHGHGIRUDGHQVLW\UHFRQVWUXFWLRQGHSHQGLQJRQWKHVDPSOHYROXPHDQGWKH
VPDOOQHVVRIWKHPDJQHWLFPRPHQW7KLVLVQHFHVVDU\WRFROOHFWRQHE\RQHKXQGUHGRIIOLSSLQJUDWLRVLQRUGHU
WRREWDLQDKLJKUHVROXWLRQVSLQGHQVLW\PDS

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WKHSURMHFWZDVWRGHFUHDVHWKHPHDVXUHPHQWWLPHRIVSLQGHQVLWLHVE\DIDFWRURIWRGHSHQGLQJRQWKH
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36' ZKLFK
DOORZV PHDVXULQJ WKH IOLSSLQJ UDWLRV RQ VHYHUDO UHIOHFWLRQV VLPXOWDQHRXVO\ 7KLV WHFKQLTXH DOUHDG\
VXFFHVVIXOO\ LPSOHPHQWHG RQ WKH GLIIUDFWRPHWHU ' DW WKH ,// IRU XQSRODUL]HG QHXWURQV KDV EHHQ
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LV XVHG WR VHOHFW WKHQHXWURQVRIZDYHOHQJWKȜ c1HXWURQV VFDWWHUHGE\ WKH FU\VWDO LQ WKHGLUHFWLRQV
VDWLVI\LQJ %UDJJ FRQGLWLRQ DUH FROOHFWHG E\  SRVLWLRQ VHQVLWLYH GHWHFWRUV EDU RI +H RI PP LQ
GLDPHWHUFRYHULQJVFDWWHULQJDQJOHVRILQYHUWLFDODQGLQKRUL]RQWDOGLUHFWLRQVVWHUDG

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5RWDWLQJRIVDPSOHDQGFROOHFWLQJRI'GLIIUDFWLRQSDWWHUQVDOORZVXVWRUHFRUGERWKLQWHJUDWHGLQWHQVLWLHVDQG
IOLSSLQJ UDWLRV XS WR VLQTOa c LQ WKH KRUL]RQWDO SODQH DQG VLQTOa c LQ WKH YHUWLFDO RQH7KHQ
IOLSSLQJUDWLRVDUHUHPHDVXUHGZLWKDORQJHUH[SRVLWLRQWLPHIRUWKHIUDPHVKDYLQJORZVWDWLVWLFDODFFXUDF\WR
UHDFKWKHUHTXLUHGRQH2QFHWKHGDWDFROOHFWLRQLVILQLVKHGWKHYHUWLFDOD[LVRIWKHFU\VWDOFDQEHRULHQWHGLQWR
WKH KRUL]RQWDO SODQH DQG WKH PLVVLQJ UHIOHFWLRQ LQWHQVLWLHV DORQJ WKH RULJLQDOO\ YHUWLFDO FU\VWDO D[LV FDQ EH
PHDVXUHG7RUHGXFHWKHVFDWWHULQJIURPWKHVDPSOHHQYLURQPHQWDUDGLDOFROOLPDWRULVLQVWDOOHGLQWKHGHWHFWRU
VKLHOGLQJ)LJ,WFRQVLVWVRIIRLOVFRDWHGZLWK*GR[LGH(XURFROOLPDWRUV/WGDQGFRYHUVIXOOVFDWWHULQJ
UDQJH7KHUDGLDOFROOLPDWRUUHGXFHVFRQVLGHUDEO\WKHVFDWWHULQJIURPWKHVDPSOHHQYLURQPHQWLQSDUWLFXODUDW
KLJKGLIIUDFWLRQDQJOHVZKLFK LVRI JUHDW LPSRUWDQFH IRU WKHSHUIRUPDQFHRI WKHGLIIUDFWRPHWHUZKHQXVLQJ
VDPSOHVRIVPDOOYROXPH

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DVVXUHVFRQQHFWLRQEHWZHHQWKHGULYLQJFRPSXWHUDQGWKH,//36'LQWHUIDFHYLDWKH,(((EXV,WLVDEOH
WRVXVWDLQYHU\KLJKDFTXLVLWLRQUDWHVXSWR0K]DQGWRUXQGLIIHUHQWKLVWRJUDPPLQJPRGHVOLNHSRODUL]HG
QHXWURQV WLPHRIIOLJKW 72)DQG WLPH UHVROYHGPRGHV7KHPRGXOH LV HTXLSSHGE\ WKHRQERDUGPHPRU\
DGDSWHGIRUGHWHFWRUVL]HVXSWR[FKDQQHOV7KLVPDNHVWKHDFTXLVLWLRQEHLQJWRWDOO\LQGHSHQGHQWIURP
WKHSHUIRUPDQFHDQGFDSDFLWLHVRIWKHGULYLQJFRPSXWHU

'DWDDUHFROOHFWHGXVLQJD3<7+21VRIWZDUHGHYHORSHGDWWKH//%:HFKRVHDQLQGXVWULDOVWDQGDUG;0/
([WHQGHG0DUNXS/DQJXDJHWRVWRUHWKHGDWDFROOHFWHGIURPWKH36'7KLVVWDQGDUGGHVFULEHVLQDQHDV\DQG
LQWXLWLYHZD\KRZWKHLQIRUPDWLRQLVVWRUHG,WVRWKHUDGYDQWDJHLVWKDWLWFRPHVZLWKUHDG\PDGHSDUVHUVDQG
VWDQGDUG ;0/ HGLWRUV 7KH ;0/ ILOH FUHDWHG E\ WKH //% DFTXLVLWLRQ VRIWZDUH FRQWDLQV FRPSUHVVHG GDWD
FROOHFWHGIURPWKH36'DQGDOOFXUUHQWSDUDPHWHUVRI WKHGLIIUDFWRPHWHUGDWH WLPHDQJOHVPRQLWRUFRXQWV
WHPSHUDWXUHHWF7KHYLVXDOL]DWLRQSURJUDPZULWWHQLQ-$9$DOORZVIRUWKHTXDVLLQVWDQWDQHRXVYLVXDOL]DWLRQ
DQG DFFHVV WR DQ\ VHOHFWHG IUDPH GXH WR WKH;0/ VWDQGDUG SURYLGLQJ WDEXODWLRQ ILOHV 7KH VDPH SURJUDP
DVVXUHV UHDGLQJRI IUDPHFRQWHQW ELQQLQJVXPPDWLRQRI IUDPHV DQG FUHDWLRQRI G\QDPLFPDVNRI VWURQJHVW
SL[HOV3URJUDPIRULQGH[LQJLQWHJUDWLRQDQGIOLSSLQJUDWLRFDOFXODWLRQVLVZULWWHQLQ)RUWUDQ
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7REHQFKPDUNWKHHIILFLHQF\RIWKH9,3LQVWUXPHQWZHSHUIRUPHGDVHULHVRIPHDVXUHPHQWVRQJHRPHWULFDOO\
IUXVWUDWHGS\URFKORUHFRPSRXQGV57L25±UDUHHDUWKVWXGLHGE\XVHDUOLHUXVLQJVLQJOHFRXQWHUWHFKQLTXH
>@7KHFU\VWDOVWUXFWXUHRI57L2LVFXELFVSDFHJURXS)GPZLWKWKHODWWLFHSDUDPHWHURIDERXWc
$QH[DPSOHRIWZRGLPHQVLRQDOFXWVRILQWHQVLWLHVLQWKHUHFLSURFDOVSDFHPHDVXUHGIURPWKH<E7L2VLQJOH
FU\VWDOPPLQGLDPHWHUDQGPPLQOHQJWKLVVKRZQLQ)LJ7KHGDWDZHUHFROOHFWHGDW.LQ7
ZKHUHWKHPDJQHWLFPRPHQWRI<ELVDERXW%'XULQJWKHPHDVXUHPHQWVWKHVDPSOHZDVURWDWHGE\
ZLWK WKH VWHSRIDQG WKH H[SRVLWLRQ WLPHRIVHFRQGVSHU VWHSZKLFKFRUUHVSRQGV WRD WRWDOPHDVXULQJ
WLPHRIDERXWKRXUV7KHQXPEHURIUHIOHFWLRQVVDWLVI\LQJWKHFULWHULRQ,!ı,ZDV


)LJ7ZRGLPHQVLRQDOFXWVLQWKHUHFLSURFDOVSDFHPHDVXUHGRQ9,3IURP<E7L2DERXWPPGXULQJKRXUV/HIWSDQHO7KH
GLIIHUHQFH,±,±5LJKWSDQHO7KHVXP,,±

)RUWKHFU\VWDOVKDYLQJVPDOOODWWLFHSDUDPHWHUVWKHJDLQIURPWKHXVHRIWKH36'FDQEHVPDOO,QWKLVFDVHZH
FRQVLGHU D SRVVLELOLW\ WR VLPXOWDQHRXVO\ XVH VHYHUDO VLQJOH FU\VWDOV RI GLIIHUHQW RULHQWDWLRQV 3DUWLFXODUO\ LI
FU\VWDOVDUHPRXQWHGDWGLIIHUHQWKHLJKWVWKH)ULHGHOSDLUVFDQEHXVHGWRGHILQH]HURRIIVHWVLQWKHKRUL]RQWDO
SODQH DQG WR VHSDUDWH UHIOHFWLRQV EHORQJLQJ WR GLIIHUHQW FU\VWDOV (QVHPEOH RI WKHVH PHDVXUHV DOORZV GR
GHFUHDVHWKHGDWDDFTXLVLWLRQUDWHRIPDJQHWL]DWLRQGHQVLWLHVE\DIDFWRURIGHSHQGLQJRQWKHFU\VWDOFHOO
SDUDPHWHUV
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